The litter in tropical ecosystems is one of the compartments responsible for the transference of nutrients to the soil, having great importance for the conservation and maintenance of biodiversity. Thus, this study aimed to quantify the contribution and stock of litter and the leaf decomposition rate of Gardneriana byrsonima A. Juss (murici) in two areas of Caatinga, semiarid region of Alagoas State. Litter production was measured monthly from March of 2012 to February of 2013. The litter decomposition rate and the remaining leaf mass of the murici were also calculated and analyzed for its material chemically. The leaf decomposition was measured in litter bags and the material was chemically analyzed. In the area of Olho D' Água Casado, the litter produced was over Delmiro Gouveia. The leaf fraction contributed to the higher percentage in the litter training in both areas. The leaf material showed slow decomposition to high levels of lignin, cellulose, hemicellulose, and high C:N ratio.
INTRODUCTION
In the Brazilian Northeast, the semiarid region is characterized by an heterogeneity of natural conditions of climate, soil, topography, and vegetation. The most striking characteristic of this region is its climate, with high rainfall variability, where events are constituted by rainfall pulses (Andrade et al., 2008) .
In this respect, nutrient cycling certainly plays a key role since the dynamics of litter production and decomposition contributes to maintaining the equilibrium and the functioning of this ecosystem. Changes by man's actions have led to numerous ecological imbalances, such as burning, deforestation, firewood and charcoal production, which favor the process of degradation of natural ecosystems, largely established in low-fertility soils (Souto, 2006) . Studies related to litter production and decomposition in other biomes evidence its importance in nutrient cycling (Dick et al., 2015; Caldeira et al., 2008) , forest ecosystem functioning (Santos Neto et al., 2015) , forest management (Almeida et al., 2015; Rodrigues et al., 2010) and recovery of degraded environments (Moreira & Silva, 2004; Machado et al., 2008) .
Information on litter production and the analysis of its contents are important tools in the understanding and conservation of ecosystems, as well as its interactions with the environment (Costa et al., 2010) . In this context, more detailed studies on the production, accumulation, and decomposition of litter are necessary since they area support for Caatinga biodiversity conservation programs and the recovery of degraded areas, determining the most appropriate management for this biome.
Despite its great extension and importance to the Northeast region, there is still a great need for studies focusing on the biology and dynamics of species, such as murici (Byrsonima gardneriana A. Juss). The study of the shrub-tree component of caatinga is essential for the definition of appropriate management techniques, especially in potential areas for the development of native species that present a highly relevant aspect, i.e., the persistence under the semi-arid conditions of the Northeast region, offering relevant subsidies for the protection of natural resources and the sustainable development of the caatinga.
Thus, the objective is to quantify the litter supply and the decomposition rate and leaf chemical composition of the species Byrsonima gardneriana A. Juss (murici) in two areas of Caatinga in the semi-arid region of Alagoas.
MATERIAL AND METHODS

Characterization of study areas
The research was conducted in the municipalities of Olho D' Água do Casado -Area I (9°31'S and 37°51'W, altitude of 209 m) and Delmiro Gouveia -Area II (9°23'S and 37°59'W, altitude of 256 m) (DCA, 2013) , state of Alagoas, mesoregion of Sertão and microregion Alagoana of Sertão do São Francisco (SEPLANDE, 2013) . The climate in the study areas is BSh -Hot Tropical Semiarid, with a rainy season from November to April (Mascarenhas et al., 2005) . The mean annual rainfall is 545.6 mm and 512.1 mm for the municipalities of Olho D' Água do Casado and Delmiro Gouveia, respectively (DCA, 2013) .
Planosols are the predominant soils in the Olho D' Água do Casado and Delmiro Gouveia. However, there are Regolithic Neosols, Quartzarenic Neosols, Litolic Neosols and Gleissolos (EMBRAPA, 2007) . For the soils physical and chemical characterization, 20 simple samples were collected at the 0-20 cm layer in an area of 1.0 ha of vegetation and submitted to the laboratory for chemical and soil characterization, as presented in Table 1 .
The predominant vegetation in the study areas is the Caatinga, with occurrence of hypoxerophilic variations with stretches of deciduous forest characterized by xerophilous, woody, deciduous, and usually thorny formations. The selected areas in each municipality had 1.0 hectare of arboreal-shrub vegetation with the presence of Byrsonima gardneriana, the species chosen for this study, which has a great socioeconomic importance in the region. Popularly known as "murici", it is an alternative for producers because of the numerous uses of its fruits in the manufacture of juices, popsicles, liqueurs, jellies, jams, and pickles, as well as a great medicinal and animal feed potential.
The Area I is characterized by the presence of a shallow soil with rocky outcrops and dense vegetation favoring the formation of a vegetation island. The Area II
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In the survey of the tree-shrub component carried out by Souza (2011) , 35 species belonging to 18 families and 28 genera were recorded in Area I. In Area II, 40 species, 22 families and 35 genera were recorded. The families Mimosaceae, Euphorbiaceae, Caesalpinaceae, Anacardiaceae, Bignoniaceae, and Cactaceae were the most representative, and Byrsonima gardneriana was among the species with the highest importance value and coverage in both areas (Table 2) .
Characterization of the physical environment
To characterize the physical environment, two Ville de Paris rain gauges were installed near the experimental areas to measure rainfall volumes at each rainfall event in order to calculate the total rainfall volume during the month. There were 20 soil samples were collected monthly at the 0-10 cm layer to determine CEC = cation exchange capacity; OM = organic matter; V = base saturation; Sd = soil density; Pd = particle density; TP = total porosity; FP = field capacity; and PWP = permanent wilting point. the soil water content in each study area. The samples were stored in aluminum cans using the gravimetric method (Tedesco et al., 1995) . The soil temperature was estimated monthly at the depth 0-15 cm using a digital skewer soil thermometer. All determinations were made from March 2012 to September 2013.
------------------------cmol c Kg -1 -----------------------------------%---------
Production and stock of litter
To quantify litter production, 5 collectors were distributed in 4 plots (250 × 100 m), totaling 20 simple samples in each area. The collectors (1.0 × 1.0 m) were lined with 1.0 × 4.0 mm nylon meshes and suspended 15 cm above the soil surface. Their distribution was randomly stratified within the plots near Byrsonima gardneriana trees that presented the largest size (height > 2.5 m).
All material collected monthly (from March 2012 to February 2013) was packed in plastic bags previously identified and taken to the laboratory for sorting according to the fractions leaf, branches, reproductive structures (flowers and fruits) and miscellaneous (unidentified material). Afterward, these fractions were dried in a forced-air circulation oven (65 °C, for 72 h) to estimate dry biomass. From these data, the monthly averages of litter produced by the Caatinga vegetation (kg ha -1 ) were estimated.
The litter accumulated on the soil was randomly and monthly quantified using an iron frame measuring 0.5 × 0.5 m. Collections were carried out close to the collectors of litter. Thus, 20 simple samples were obtained in each study area.
The material circumscribed within the frame was collected and packed in previously identified plastic bags using the same procedure of drying and weighing as the litter production experiment. Subsequently, the monthly averages in kg ha -1 were estimated.
Leaf decomposition
The leaf litter decomposition rate was estimated following the methodology of Olson (1963) 
where: K = decomposition constant; L = annual production of litter (gm From the value of K, the average total renewal time estimated by 1/K and the times in years required for the occurrence of 50% (t 0.5 ) and 95% decomposition (t 0.05 ) of litter were calculated, which were estimated by the Equations 2 and 3:
and .
/
where: t = time; and K = decomposition constant.
Bags (litterbags) of 20 × 20 cm were used to estimate the percentage of mass remaining during the decomposition process. They were made using a nylon mesh fabric of 1.0 × 4.0 mm. Each bag was filled with 15 g of mature and healthy leaves previously dried in an oven (65 °C/72 h). The leaves were obtained from different matrices of Byrsonima gardneriana at the end of the dry period (time 0) when 153 decomposition bags were distributed in each area on the soil surface near murici trees. Monthly, nine bags were randomly removed in each area, until September 2013 (time 18), obtaining a total of 18 sample times.
The residual mass was determined on an analytical scale with an accuracy of 0.01 g to estimate the decomposition rate (g/month) of that material of the initial mass. For the calculation of the percentage of remaining material, the Equation 4 was used:
where: % Remaining = percentage remaining; FM = final mass; and IM = initial mass.
Sixteen composite subsamples of the material used in decomposition bags were obtained for evaluation of chemical composition. Thus, the contents of lignin, cellulose, hemicellulose, carbon, and nitrogen (Tedesco et al., 1995) were determined, and the C:N and Lignin:N ratios were calculated.
Data analysis
The design was completely randomized with four replications (plots) in each area. For the evaluation of litter production and stock, the average was taken from five simple samples in each plot. For leaf decomposition, 3 replications were made by collecting three simple samples each. The results were submitted to analysis of variance and the means were compared by Tukey test at 5% probability using the software Statistical Analysis System version 9.3.
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RESULTS AND DISCUSSION
Characterization of the physical environment
Rainfall distribution during 19 months of evaluation occurred seasonally for both study areas ( Figures 1A and 1B) . In Area I, the total rainfall was 355.2 mm, close to Area II: 330.0 mm. Both values were lower than the annual average, which is 545.6 mm and 512.1 mm for the Areas I and II, respectively. The highest rainfall volumes occurred in July 2012 (64.4 mm) and April 2013 (71.9 mm) in Area I, and in July 2012 (42.9 mm) and April 2013 (65.79 mm) in Area II.
The mean soil water content in the Area I was 3.5% and in the Area II was 1.7%. The highest values occurred in July 2012 (12.66%) (Area I) and April 2013 (8.18%) (Area II) due to the higher rainfall recorded in these months ( Figures 1A and 1B) . The average monthly soil temperature was 28 °C for both areas; the highest values in Area I occurred in April, November and December 2012 and January, February and March 2013 (30 °C) ( Figures 1A and 1B) . The Area II had higher values thanthe Area I, reaching 35 °C in April 2012 and August 2013. The soil temperature was higher during the dry season due to a higher solar radiation in the region.
Production and stock of litter
The annual litter deposited was higher in the Area I than in the Area II (Table 3) . Such increase in litter production is due to the presence of denser vegetation (1,801 individuals), allowing greater contributions of leaves and branches, when compared to the Area II, with more open vegetation (Table 3 ). .year -1 (Table 3) . The results are close to those of other Caatinga areas obtained by Silva et al. (2015) ) and by Costa et al. (2015) ). According to Costa et al. (2010) , the annual litter production in the Caatinga ranges between 1,500 and 3,500 kg ha (Table 4) . Such high production of leaves in these months is due to the beginning of the dry period during that after the rainy season, the soil water content decreases and, with this, some Caatinga plants use a defense mechanism, i.e., abscission leaves, to minimize loss of water (Nascimento et al., 2013) .
In the literature, there is an indication that the leaf fraction contributes the most to the formation of litter, and the percentages obtained in the Area I (86.42%) and the Area II (80.20%) were higher than other studies conducted in Caatinga areas: Costa et al. (2010) reported 65%, Santos et al. (2011) reported 28.90%, Barbosa (2012) reported 72.72% and Nascimento et al. (2013) reported 60%.
For the fraction branches, there was a greater production of this material in September 2012 (32.32 kg ha -1 ), with higher contributions of this fraction after the rainy season by the action of winds, favoring breaks (Table 5 ). The production of reproductive and miscellaneous structures did not differ among the months, but there was a higher production of reproductive structures in the rainfall period due to flowering and fruiting.
Inthe litter production during the evaluation period, the same behavior was observed for the Areas I and II (Figure 2) , evidencing a higher litter production in September 2012. There were greater litter Table 3 . Mean values of the fractions leaves, reproductive structures, branches and miscellaneous production of litter in kg ha 
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This phenomenon occurs due to a decrease in soil water content during the dry season, where some Caatinga plants lose their leaves and abort flowers and fruits as a mechanism of survival to drought. Such results corroborate with those found for Caatinga environments Costa et al. (2010) and Nascimento et al. (2013) . Related to the aggravation of water stress, the vegetation during the drought season loses its leaves due to the seasonality of deciduous species, reducing the leaf surface and, consequently, water loss by transpiration (Santana & Souto, 2011; Costa et al., 2007) .
The average litter matter accumulated in the soil of the Area I varied from 2,706.80 to 6,864.40 kg ha -1 and in the Area II, it varied from 3,310.80 to 8,929.60 kg ha -1 during the study period (Figure 3 ).
Comparing to areas I and II, there was a greater accumulation of litter in March 2012. Such accumulation of litter in the soil is due to the dry season when most Caatinga plants lose their leaves, forming an organic blanket over the soil for a direct protection against the first raindrops, reducing the erosion process.
Leaf decomposition
The litter decomposition rate (K) in the Area I (0.32) was higher than in the Area II (0.27) ( Table 5) . Compared with other Caatinga areas, these values were close to values in Rio Grande do Norte by Santana (2005) , i.e., 0.33, and higher than values found by Lima et al. (2015) in the south of Piauí, i.e., 0.20.
In order to decompose 50% of the litter accumulated in the Area I, 2.16 years (788 days) were required. In the area II, the required time was 2.56 years (934 days). Thus, to decompose 95% of the material in the Area I, 9.37 years (3,420.05 days) would be required, and in the Area II, 11.11 years (4.055,15 days) would be required, evidencing that the decomposition of this material is slow when compared to other studies conducted in Caatinga areas (Alves, 2012; Souto, 2006; Santana, 2005) , associating such a low decomposition with the high lignin and tannin contents in the litter (Lima et al., 2015) .
The decomposition rate of murici occurred gradually, with no statistical differences (p>0.5) between the Areas I and II. However, there was a significant difference for the factor "month". The period of greatest decomposition occurred from April to December 2012 (Figure 4) .
The highest decomposition rate in the Areas I and II occurred in the first three months, with losses of 9.67 and 9.27% of initial matter, respectively. In the subsequent months, the decomposition was slower and constant due to a lower soil water content, which decreased the decomposition rate, influencing the low activity of decomposing organisms. At the end of the experiment, only 33.49% (Area I) and 27.29% (Area II) of the material was decomposed, corresponding to an average material loss of 9.8 mg day -1 and 8.0 mg day -1 , respectively.
Murici leaves had high levels of lignin, cellulose, hemicellulose, and C:N ratio (Table 6 ), which caused a slow decomposition of the material (Santos et al., 2009 ). Comparing to (Santana, 2005) , the values were Pau-mocó: 23.47%, Velamen: 29.93%, Mofumbo: 13.51%, Quince: 19.02% and Faveleiro: 23.06% (Alves, 2012) . Therefore, this material had a longer decomposition time.
CONCLUSIONS
The amount of litter produced in the Caatinga area Olho D ' Água do Casado was higher than in Delmiro Gouveia, with a higher production at the end of the rainy season and at the beginning of the dry season.
The fraction "leaf " contributed with a greater percentage to the formation of litter in both areas.
The leaves of Byrsonima gardneriana A. Juss (murici) presented high levels of lignin, cellulose and hemicellulose and a high C:N ratio. This material offered resistance during the decomposition process. ---------------------------------------g kg  -1 ------------------------------------------ 
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